Abstract Movement-related cortical potentials (MRCPs) were recorded from scalp electrodes during wrist flexion in 15 dystonic patients with bilateral (nine) or unilateral (six) circumscribed lesions in the striatum (eight), pallidum (six), or anterior thalamus (one). The results were compared with those of 10 age-matched healthy volunteers. The early (BP) and late (NS') MRCP components were assessed in terms of their gradients and distribution on the scalp in Cz, C3', and C4'. The gradients of both BP and NS' components were significantly flatter in the patients with bilateral lesions than in the control subjects. Also, the BP gradient was maximum at Cz, and the NS' component was contralaterally predominant in the control subjects but not in the patients. In patients with unilateral lesions, the gradients were flatter (p < 0.05) during movement of the dystonic wrist than during movement of the normal wrist. This difference was significant for BP and NS', regardless of the location of the electrodes. Also, the normal topographic predominance of BP at Cz and of contralateral NS' disappeared. The BP and NS' components of the MRCPs are thought to reflect preparatory activity in the supplementary motor area and the primary motor cortex before movement. Reduced BP and NS'
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Subjects and methods

PATIENTS
Fifteen patients with lesions in the basal ganglia and thalamus were studied after obtaining their informed consent. There were six women and nine men aged between 21 and 51 (mean 30 7 (SD 9 02)) years and they were all right handed. 
RECORDING
During the recording session the subjects lay comfortably on a bed with their study forearm maintained in a wedge. They were asked WF to make self-paced, brisk, phasic movements of the wrist, roughly every 5 seconds. The subjects were instructed to fix a point on a screen in front of them, to avoid blinking, and not to count during the interval between movements. Two hundred movements were recorded during each session. The most strongly impaired hand was tested in the patients with bilateral lesions, and both hands were tested in the patients with unilateral 500 ms lesions. The recording of the healthy volunteers was done during movement of the right wrist.
The surface electromyogram (EMG) was recorded from the flexor carpi ulnaris and amplified within frequencies of 100-3000 Hz. The onset of the EMG burst triggered data collection by a computer assisted system similar to that described by Barrett et al.'0 EEG potentials preceding self-paced wrist flexions were averaged on line by an evoked potential apparatus (Basis signal averager, OTE) from three scalp electrode positions (Cz, C3', and C4'-1 cm anterior to C3 and C4 of the 10/20 system). The filter band pass was 0-03 Hz-1 6 kHz. Scalp muscle activity and blink artefacts were excluded by a rejection system that automatically discounts potentials greater than ±0-1 mV. The EEG was averaged from 2-5 seconds before to 2-5 seconds after the upstroke of the EMG.
To measure the amplitude and velocity of the movement, a wedge hinge was placed coaxial to the wrist joint. The hinge contained a potentiometer that allowed the wrist angle to be measured. Angular velocity was measured with an electronic differentiator. Well circumscribed lesions of the basal ganglia were confirmed by MRI. There were nine patients with bilateral lesions and six with unilateral lesions (table 1). The bilateral lesions were pallidal in four patients, striatal in four, and in the anterior thalamus in one. All the unilateral lesions were located in the right hemisphere-four in the striatum and two in the pallidum.
MEASUREMENTS
The measurements were done by two different investigators who were not informed of the clinical state of the subjects. Baseline was determined by averaging the recording from 2-5 seconds to 2-0 seconds before EMG onset in each channel. The gradients of the two premovement MRCP components 
A%.%-STATISTICAL ANALYSIS
The significance of differences between the control subjects and the patients was determined by Student's t test. Differences between recordings over the electrodes of the ipsilateral and contralateral sides were compared by two-way analysis of variance. This was also done for recordings during right or left wrist flexions in the patients with unilateral lesions. Correlations between the movement kinematics and the gradients of the MRCP components were sought by linear regression analysis.
Results
Patients with bilateral lesions of the basal ganglia
The figure (A) shows an example of MRCPs recorded in a control subject (CT2), a patient with bilateral lesions of the pallidum (B2), and a patient with lesions of the putamen (B6). The latencies of the two main premotor components (BP and NS') did not differ between the patients and the control subjects. By contrast, the gradient of BP was flatter on both sides in the patients (mean 1 32 (SD 0 94) ,V/s at Cz) than in the control subjects (mean: -3-3 (SD 1-3),uV/s at Cz) (p < 0.01). The gradient of NS' was also flatter (-3-4 (SD 1) uV/s at the contralateral hand motor area) in the patients than in the control subjects (-8-4 (SD 1P8) ,uV/s (p < 0-001) (table 2) .
Changes were also noted in the MRCP topography over the scalp. In the control subjects the BP There was no effect of electrode position on the BP gradient before left (dystonic) wrist flexion.
NS' DISTRIBUTION
Comparison of NS' amplitudes in C3', Cz, and C4' by ANOVA showed no significant differences between these electrode locations, whatever the side of the movement.
PARAMETERS OF MOVEMENT
The amplitude of wrist flexions did not differ between the right (dystonic) or, a left (normal) sides of movement (table 2). The velocity was, however, significantly lower during movement of the affected side (200-8 (SD 29 7) degrees/s) than the normal side (323-3 (SD 38-8) degrees/s) (p < 0.01). No correlation was found between the velocity of movement and the gradient of BP or NS', whatever the side of the movement. 22 The patients we studied are dystonic and, as bradykinesia is seen in Parkinson's disease, the pathophysiology of dystonic movement remains unclear. Although the movement of our patients were slower than in control subjects, the velocity was never less than 26% of normal and this was not sufficient to affect the MRCP gradients, which have been noted to be affected for a reduction of more than 90% of the velocity of movement.21 Also, there was no positive linear correlation between velocity and MRCP gradients. This suggests that the impaired motor control in dystonic subjects does not affect the velocity directly, but rather other parameters of motor programming, as has been suggested by peripheral recordings.2' One of the involved parameters could be the increasing amplitude of muscular potentials at the onset of the muscular burst. Thus Hallett and Khoshbin24 hypothesised that the basal ganglia are concerned with the grading of movement amplitudes by inappropriate energising of muscles.
Our results suggest that dystonic movements may be associated with a decrease in motor cortex activity due to a disruption of the striato-pallido-thalamo-cortical loop by a vascular lesion. Although MRCP flattening after lesions of the basal ganglia raises the problem of cortical or subcortical origin of its components, this study provides new insights concerning the relation between lesions of the basal ganglia and genesis of dystonia.
